Analyses of variance were computed for records on growth and body composition traits made in 1983 by 255 boars and gilts in selected and control lines of Durocs and Yorkshires and their reciprocal crossbreds. Previous selection over a period of several generations was mainly on an index of sow productivity including preweaning litter sizes and weight. Animals in the select lines were selected for high index values; animals in the control lines were selected to average near the mean index values of that year and line. Breeding animals in all four lines during that period were basically randomly selected with regard to growth rate or body composition traits. The same boars sired both purebred and crossbred litters in 1983. Traits analyzed were average daily gain (ADG) during a standard test period from 56 d of age to 90.7 kg and average backfat thickness (ABF) and longissimus muscle area (LMA) from ultrasonic scans at 90.7 kg. Crossbred pigs had greater (P<.01) ADG than purebred pigs, but did not differ (P>.05) in ABF or LMA. Heterosis was 8.2% for ADG. Crossbreds with Yorkshire dams had thinner (P<.01) ABF and larger (P<.01) LMA than crossbreds with Duroc dams. Boars had greater (P<.05) ADG, thinner (P<.O1) ABF and smaller (P<.01) LMA than gilts. Correlations between 38 half-sib family averages of purebred and crossbred pigs of the same sex and the same sires were .07, .37 and .24 for ADG, ABF and LMA, respectively. Implications of the above and additional findings for swine breeding strategies are discussed. (Key Words: Pigs, Body Composition, Heterosis, Maternal Effects, Sex Effects, Selection Methods.)
I ntrodu ction
Successful swine breeding programs designed to improve performance in traits such as growth rate and body composition need to consider the impact of numerous factors. These include the potential expression of heterosis, the role of breed maternal effects, whether or not selection based on performance of purebred parents (intrapoopulation selection, IPS) would be more effective in improving the performance The authors acknowledge with appreciation the contributions of D. L. Parsons, Animal Caretaker Leader, for managing the swine herd and collecting and recording the necessary data; the cooperation of W. H. Peters, Head, Animal Operations; and the contributions of Bonnie Morgan, Statistical Assistant.
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Received June 17, 1985 . Accepted November 15, 1985 of crossbred progeny than would selection on specific combining ability (SCA) based on performance of crossbred progeny (reciprocal recurrent selection, RRS, for example) and the comparative performance of different breeds and different sexes. The previously mentioned factors have been evaluated in various research studies published over the past several decades. For example, Johnson (1980) , in a comprehensive review of literature, noted significant breed differences and breed maternal effects for pig growth rate, expressed as postweaning average daily gain (ADG), for average backfat thickness (ABF) and for longissimus muscle area (LMA). Dickerson et al. (1974) concluded that use of RRS can be expected to improve growth rate in crosses at least as effectively as IPS. Bereskin (1983) reported that boars were significantly greater in ADG and had thinner ABF but had smaller LMA than gilts in purebred pigs and in their crosses.
A consensus on appropriate breeding strategies needs to be based on extensive research in order for swine improvement programs based on those strategies to be effective. The objec- (Bereskin, 1984) . In the control lines, herd replacements were chosen to average close to the mean sow productivity index of those tested in the line in that year. Soundness of feet and legs, underlines and reproductive anatomy were also given secondary consideration in the selection within all lines.
A new generation was produced each year in all lines, with sows farrowing at about 12 mo of age. Matings were designated to maintain a low, uniform rate of inbreeding in all lines at about 2%/generation. Litters had access to an 18% crude protein diet in creep feeders from 14 d of age until weaning at 42 d of age. Pigs designated at weaning for performance testing were placed in pens with solid concrete floors and put on test at 56 d of age. Gilts were grouped according to litter with two to four per pen. Boars of mixed breeding were grouped four or eight per pen. All tested boars and gilts were fed a 16% crude protein diet in pelleted form ad libitum to 90.7 kg. The four purebred lines were maintained as closed lines through 1982, a total of eight generations including seven generations of selection. In the spring of 1983, both purebred and crossbred litters were farrowed. Crossbred litters were produced by reciprocal crossing of th Duroc and Yorkshire select lines and by the reciprocal crossing of the Duroc and Yorkshire control lines.
Traits and Preliminary Statistics. The following traits were analyzed for this study: pig average daily gain during a standard test period from 56 d of age to 90.7 kg (ADG, kg/d); average backfat thickness (ABF, cm) measured along the mid-back from Polaroid photos of ultrasonic scans made with the Scanogram 3 instrument at about the first and last ribs and at the last lumbar vertebra; and longissimus muscle area (LMA, cm2), measured from ultrasonic photos at about the last rib.
Actual ADG was adjusted for differences in a pig's on-test weight from the mean of contemporary pigs of the same sex by the equation, adjusted ADG = actual ADG -.007 (pig on-test weight minus average on-test weight). Actual ABF was adjusted for differences in pig off-test weight by the equation, adjusted ABF = actual ABF -.03 (pig off-test weight minus 91) and actual LMA was adjusted by the equation, adjusted LMA = actual LMA-.15 (pig off-test weight minus 91). All weights were in kg, ABF was in cm and LMA was in cm 2.
Records analyzed were for 255 pigs tested in 1983 (table 1). All crossbred pigs in 1983 had zero inbreeding. Duroc and Yorkshire dams of purebred and crossbred pigs in 1983 averaged 15 and 13% inbreeding, respectively. The effects of inbreeding were not included in any of the statistical analyses discussed here. The analyses of variance and least-squares means and differences, with standard errors for the performance of pigs in 1983 were computed according to a mixed effects model (Bereskin and Norton, 1982) . Included in the initial model to analyze the data were the effects of breed-lines, sires within breed-lines, sex, sex • breed-lines and residual. Sires and residual were considered as random effects, with the other effects considered to be fixed.
Results and Discussion

Selection Differentials. Presented in table 2
are secondary standardized selection differentials (Magee, 1965) for the parents of the four breed-line groups from 1975 through 1982. Included are the average achieved differentials from 1975 through 1981 and those for 1982, the test year for the parents of the 1983 purebred and crossbred pigs analyzed here. Also shown are the expected (theoretical) standardized differentials based on the fraction of the tested boars and gilts that were selected to produce the next generation under single trait truncation selection (Becker, 1975) . The achieved differentials shown for 1975 through 1981 were unweighted by number of progeny tested, while the differentials for 1982 were weighted by the number of progeny tested in 1983. This lack of weighting is not expected to have biased the results because of the generally balanced allotment of pigs for testing. Shown are standardized differentials for sires and dams and averages of values for sires and darns. Based on the very low average differentials achieved for sires and dams in comparison with expected values, selection from 1975 through 1981 was essentially random for the three traits. Some of the differentials in 1982 were somewhat higher than for the previous years, but still were only about one-third of the expected values, at most, and often in an undesirable direction. It is apparent that no consistent or sizable selection pressure that might bias the results was applied to any of the traits prior to the 1983 tests.
Analysis of 1983 Purebreds and Crossbreds.
Litters of eight separate breed-line groups were produced in the spring of 1983. These included purebred Duroc select and control lines, purebred Yorkshire select and control lines and four lines of breed crosses. The latter consisted of reciprocal crosses of Duroc select • Yorkshire select lines and reciprocal crosses of Duroc control • Yorkshire control lines. A mixed effects model analysis of variance was computed with the data for the 255 pigs tested (table 3) . Least-squares means and standard errors for pertinent comparisons from the analysis are presented in table 4.
Breed-lines differed (P<.01) for all three traits. The seven degrees of freedom allowed for seven specific (orthogonal except for disproportionate subclass numbers) comparisons (identified as items 1 to 7 in table 4) among the breed-line groups. Standard errors were computed with the pooled variance of sires within breed-lines. Crossbreds exceeded (P<.01) purebreds (item 1) for ADG, with no difference for ABF and LMA. Heterosis was 8.2% for ADG. Purebred select lines had thicker (P<.05) ABF than purebred control lines (item 2). Purebred Durocs had smaller (P<.01) ADG, thinner (P<.01) ABF and larger (P<.01) LMA than purebred Yorkshires, overall (item 3).
Item 4 in table 4 consists of least-squares means for interaction effects of breed x line in purebreds (items 2 • 3). The Duroc select line had greater ADG and thicker ABF than the Duroc control line, but the Yorkshire control line had greater ADG than, and the same ABF as, the Yorkshire select line (P<.01 for interaction effects of breed x line in purebreds for both traits). No differences were noted between select line and control line crosses (item 5). Crossbreds with Yorkshire dams had thinner (P<.01) ABF and larger (P<.01) LMA than crossbreds with Duroc dams (item 6).
In item 7, least-squares means are shown for interaction effects of breed • line of dam in crossbreds (items 5 • 6). The relative performance of select and control lines differed between Duroc and Yorkshire dams for ABF (P<.05). In item 8, boars exceeded gilts overall in ADG (P<.05) and had thinner (P<.01) ABF but smaller (P<.01) LMA than gilts. In item 9, interaction of breed x sex in purebreds, only for ADG was this interaction effect noted (P<.01), with gilts exceeding boars in Durocs, with the reverse true in Yorkshires. In item 10, interaction effects for breed of dam • sex in crossbred progeny (items 6 • 8) were noted for ABF (P<.05) and LMA (P<.01).
Not shown in table 4 are least-squares means for interaction effects of purebreds and crossbreds • sex (items 1 • 8), with an effect noted (P<.05) only for ADG. Crossbred boars exceeded crossbred gilts in ADG, with no difference between purebred boars and gilts. No significant effects were noted for interaction of select and control lines x sex in purebreds (items 2 x 8) or in crossbreds (items 5 x 8).
Interaction effects for sex x two-factor interactions (items 4 and 7) were not computed.
Comparison of Selection Practices. The role of selection in parental purebreds as a means of improving performance of their crossbred progeny has been the subject of a number of studies with swine (England and Winters, 1953; Louca and Robison, 1967; Stanislaw et al., 1967; Standal, 1968; Wong et al., 1971; McLaren et al., 1985) . However, for postweaning ADG and ABF, generally inconclusive or conflicting results were reported on the relative merits of intrapopulation mass selection (IPS) in the parental purebreds and selection for specific combining ability (SCA) in the crossbred progeny. [Reciprocal recurrent selection (RRS) is considered a means of applying SCA.] A simple criterion to evaluate the potential merit of IPS vs SCA as a breeding strategy is the genetic correlation (rG) between performance of related purebred and crossbred populations. A high rG would favor IPS, while a low or negative r G would favor RRS or some other form of SCA. The present data set would appear to be appropriate for providing additional information to be considered with that from previous studies on the question of breeding strategies. A quotation from Yates (1951) seems appropriate in this regard: "Research workers, therefore, have to accustom themselves to the fact that in many branches of research the really critical experiment is rare, and that it is frequently necessary to combine the results of a number of experiments dealing with the same issue in order to form a satisfactory picture of the true situation."
Presented in table 5 are statistics computed among separate boar and gilt half-sib progeny means of sires. Included are variances among sire purebred (q2Spp) and crossbred (a2Scc) half-sib progeny means, sire covariances (covSpc) of purebred and crossbred half-sib family means for boars and gilts separately, and product-moment correlations of the purebred and crossbred half-sib progeny means. These correlations between the largely additive genetic effects of the purebred and crossbred half-sib family averages are estimates of genetic correlations.
The low correlation for ADG (.07) indicates that RRS might be more effective than IPS for improving ADG in crossbred progeny. For traits such as ABF, with moderate r G (.37), the potential for IPS is much more favorable, so that RRS is probably not a viable option. In addition, the variances among sire half-sib progeny families were as high for all three traits in the purebred as in the crossbred populations, indicating a good potential remains for IPS in the purebreds.
Considering the result of this and previous studies, the conclusions of McLaren et al. (1985) IPS for improved crossbred performance in swine is generally lacking. Also, in considering RRS or any other technique in selection for SCA, the difficulties associated with operating such programs effectively should not be underestimated." They quote Fredeen (1966) , who maintained that by even considering such schemes (as RRS), "we have unduly com- asee table 2 for definitions of traits. bvariance among sire purebred (o2Spp) and crossbred (o~Sec) half-sib progeny means; sire covarianee (eovSpc) of purebred and crossbred half-s~ family means; product-moment correlations of the purebred and crossl6red half-sib progeny means (rSpc). See text for further explanation. edf = degrees of freedom.
promised and confused the kind of advice we (researchers) are able to provide the (swine) industry." Instead, Fredeen (1966) contended that use of IPS and crossbreeding would provide simpler and more effective breeding strategies.
Discussion
The results for the 1983 pigs provide additional information on a variety of factors that could affect breeding strategies for swine performance traits. For example, with purebreds, Durocs had thinner ABF and larger LMA than Yorkshires, but Yorkshires had greater (P<.05, table 4) ADG than Durocs. Bruner and Swiger (1968) , with central testing station data, noted that Durocs had slightly greater ADG and sightly thinner ABF than Yorkshires, but found no breed difference for LMA. Young et al. (1976) , with experiment station data, reported that purebred Durocs had greater (P<.O1) ADG and thicker (P<.O1) probe ABF but smaller (P> .05) carcass LMA than purebred Yorkshires. Drewry (1980) , with testing station data, reported no difference in ADG or in ABF between Duroc and Yorkshire boars. Apparently, the comparative performance in growth and body composition traits by purebred Durocs and Yorkshires is not consistent in favoring either breed, but instead depends largely on the samples tested. This appraisal likely also applies to other major swine breeds in the United States.
Comparisons between purebreds and crossbreeds were generally in line with previous reports. Crossbreds significantly exceeded purebreds in ADG, with heterosis.of 8.2%. Heterosis of 1% or less was noted for ABF and LMA. Johnson (1980) reported average heterosis of 9.4, 2.5 and 1.8% for ADG and carcass ABF and LMA, respectively. Also, ABF was thicker by .08 cm in crossbreds than in purebreds compared to .03 cm here. These results agree with previous research that the positive response in ADG from crossbreeding is counterbalanced by an increase in ABF.
Few reports comparing the performance of boars and gilts are found in the literature. In the present study, boars had greater ADG and thinner ABF, but had smaller LMA (P<.05 or P<.01) than gilts. Louca and Robison (1967) reported that boars were heavier than gilts or barrows at 154 d of age and had thinner backfat than gilts or barrows at 72.5 kg. Hetzer and Miller (1972) also reported that boars had slightly greater ADG and thinner ABF than gilts. Cleveland et al. (1982) reported that boars had thinner ABF than gilts, with no difference noted for ADG. Bereskin (1983) , in a study involving other Beltsville data, reported results similar to those of the present study in comparing performance of boars and gilts for ADG, ABF and LMA. Kennedy (1984) reported that in Canadian farm test data, boars gained faster and had thinner ABF than gilts in both Durocs and Yorkshires. An unanswered question in comparing performance of boars and gilts is why gilts apparently have larger LMA than boars, even though boars have thinner ABF than gilts.
The significant interaction effects of breed x line for ADG and ABF in purebreds (item 4, table 4) appear to reflect a differential correlated response in these traits to selection for sow productivity in the select and control lines of Durocs and Yorkshires (see "Materials and Methods"). No attention in any of the lines was deliberately given to pig performance traits. The correlated responses appear to have resuited in greater ADG in the Yorkshire control line, but smaller ADG in the Duroc control line, than in the respective select lines. These line differences were not carried over to the crossbreds (item 5, table 4).
Another interesting result concerns the significant interaction effect of breed • sex for ADG in the 1983 purebreds (item 9, table 4). Hetzer and Miller (1972) also reported a differential response in ADG to selection for thinner or thicker ABF in separate lines of the Duroc and Yorkshire breeds. They noted that in Durocs, ADG was similar in boars and gilts, but differed (P<.05) in Yorkshire boars and gilts. They suggested that the aberrant results might be related to differential genetic correlations of ADG and ABF in the two breeds. In the present study, a reversal in the rank of boars and gilts for ADG was noted in the two breeds. This result may be related to a random effect of small sample size in the data set.
Differences in performance of reciprocal crosses are generally used to assess maternal effects. In analysis of the 1983 data (item 6, table 4), crossbreds with Yorkshire dams had thinner ABF (P<.01) and larger LMA (P<.01) than the reciprocal crossbreds with Duroc dams. Bereskin et al. (1971) reported similar significant differences between Duroc x Yorkshire reciprocal crosses for ABF and LMA. Young et al. (1976) also reported that in reciprocal crosses of Durocs • Yorkshires, crossbred pigs with Yorkshire dams had thinner ABF and larger LMA (P<.05) than pigs with Duroc dams. They also noted nonsignificant differences for ADG, in accord with present findings. Johnson (1980) reported that crossbred pigs with Yorkshire dams had thinner ABF and a larger LMA than erossbreds with Duroc dams, but differences in ADG were not significant, as in the present study. Furthermore, present results indicate significant interaction effects of breed of dam • sex of pig in reciprocal crossbred progeny for ABF and LMA (item 10, table 4). These results suport the presence of significant direct maternal effects on body composition traits in swine.
The main conclusions from this study include: 1) selection for SCA is probably not a practical option over IPS and crossbreeding as a means of improving performance traits such as ADG, ABF and LMA; 2) moderate heterosis effects of 8 to 10% can be expected in ADG from crossing distinct breeds, but essentially no heterosis would result in body composition traits; 3) both ADG and ABF need to be considered in selection to improve crossbreds, preferably in the form of a selection index; 4) significant direct maternal effects on body composition traits can be expected in crossbred progeny, at least when Durocs or Yorkshires are used as the breed of dam; 5) boars generally exceed gilts in ADG and have thinner backfat, but smaller LMA; and 6) interactions involving breed, breed of dam and sex of pig could have significant effects on performance of crossbred progeny and need to be considered in formulating swine testing and selection programs.
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